ABSTRACT
R
ecent studies have reported the procedure-related complications of mechanical thrombectomy performed in patients with acute stroke. [1] [2] [3] However, little is known about the exact mechanism of arterial injury in these procedures, partly due to limited angiographic/histologic data from the treated arteries. The purpose of this study was to introduce a new animal model for evaluating arterial structural changes induced by a mechanical thrombectomy device, by using the SCA in swine.
TECHNIQUE

Angiographic Review of the Superficial Cervical Artery in Swine
All animal experiments were conducted in accordance with policies established by the University of California, Los Angeles chancellor's animal research committee. Swine are known to have well-developed SCAs that originate directly from the thyrocervical trunk. 4, 5 In the first phase of this study, previously obtained diagnostic angiograms of 40 swine (20 Yorkshire pigs and 20 Yucatan miniature pigs) were randomly selected and reviewed with particular attention to the anatomy of the thyrocervical trunk and the SCA. All 40 angiograms showed well-developed bilateral SCAs (Fig 1) . The SCA was seen as a large straight branch projecting superolaterally from the ipsilateral thyrocervical trunk. The mean diameter of the SCA was 2.8 mm (95% CI, 2.6 -3.0 mm) at its origin and 2.1 mm (95% CI, 1.9 -2.4 mm) near its bifurcation. The mean diameter of the branches distal to its bifurcation was 1.56 mm (95% CI, 1.48 -1.64 mm). Given that the outer diameter of the proximal middle cerebral artery in humans was 2.41 Ϯ 0.41 mm 6 in 1 study and 3.71 mm (range, 2.74 -4.92 mm) in another, 7 the size measurements of the SCA in swine are similar to those of the human middle cerebral artery.
Surgical Exploration of the Superficial Cervical Artery in Yorkshire Pigs
In the second phase of the study, a total of 6 SCAs in 3 Yorkshire pigs were surgically explored and detailed anatomic orientation was documented. Each animal was intubated, and general anesthesia was maintained by using isoflurane (1%-3%) during the procedure. A swine was placed in the supine position, and a 20-cm linear skin incision was made along the course of the sternocleidomastoid muscle. Once the sternocleidomastoid muscle was exposed, connective tissue along its posterior aspect was dissected and a 7-cm segment of the artery, including the origin of thyroid artery and bifurcation of the SCA, was exposed.
ENDOVASCULAR EMBOLIZATION OF THE SUPERFICIAL CERVICAL ARTERY WITH EXPERIMENTAL THROMBUS
Occlusion of the Superficial Cervical Artery with Experimental Thrombus
A total of 6 SCAs in 3 Yorkshire swine were surgically exposed in the same manner as described above. An 8F sheath was placed in the right femoral artery, and subsequently an 8F balloon-guiding catheter (Merci; Concentric Medical, Mountain View, California) was placed at the origin of the SCA. Under fluoroscopy, 2 SCAs were occluded by injecting experimental thrombus (thrombininduced thrombus 8 ), and the other 2 were occluded with a different type of experimental thrombus (fibrin-rich thrombus 9 ). The detailed preparation process of each type of thrombus has been published elsewhere. 8, 9 The size of the prepared thrombus was 5 mm in diameter and 20 mm in length.Two untreated SCAs were harvested before the injection of clot and were used as controls.
Mechanical Thrombectomy by Using the Merci Clot Retriever System
Mechanical thrombectomy of the 4 arteries occluded with experimental thrombus was performed with the Merci clot retriever system (Concentric Medical). The use of extracranial arteries in swine to assess the efficacy of mechanical thrombectomy has been well-established and is described elsewhere. 8, 10 Either a V 2.5
Firm or V 3.0 Firm Merci device was selected, depending on the size of the target artery. A total of 11 retrieval attempts were made to achieve the final angiographic results. Three arteries showed recanalization (a Thrombolysis In Myocardial Infarction score of Ն2) after 2 retrieval attempts, and 1 vessel remained occluded after 5 attempts. The average time to achieve the final angio- 
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graphic outcome was 46.2 minutes. All of the embolized target vessels, which were surgically exposed, stopped pulsating and became pale/dusky immediately after vessel occlusion (Fig 2A, -B) . The microcatheter and thrombectomy devices were observed, under direct visualization, through the transparent wall of the SCA (Fig 2C) . The distal branches of the SCA were often significantly stretched during the deployment of the thrombectomy device.
Harvesting and Histologic Evaluation of Treated Arteries
A segment of the SCA, 5 cm in length, was surgically removed after the endovascular procedure. The harvested samples were photographed and sectioned transversely at 5-mm intervals from distal to proximal. Microscopic analysis of arterial samples showed a well-preserved layered structure of the vessel wall throughout the segment of each harvested artery (Fig 3A) . The SCAs that underwent mechanical thrombectomy demonstrated various histologic changes. Aggregated platelets on the surface of the arterial wall and separation of smooth muscle layers within the tunica media were seen. The invasion of acute inflammatory cells, most likely polymorphonuclear leukocytes, into the innermost layers of tunica media was also seen (Fig 3B) . This finding indicated an acute inflammatory reaction induced by the mechanical thrombectomy. No large intimal flap or complete dissection of the tunica media was observed.
DISCUSSION
Human intracranial arteries are known to have thinner vessel walls than the small arteries in other parts of the human body. The mean arterial wall thickness of human cerebral arteries averages 94 Ϯ 30 ìm with some minimal variation between the MCA and basilar and vertebral arteries, 11 whereas the mean thickness of the swine SCA ranges between 120 and 200 m. With that in mind, we need to be careful when applying observed vessel damage in this animal model to clinical scenarios involving human subjects. Secondarily, additional investigation with different harvesting time points is necessary to clarify whether the histologic changes observed in the current study evolve into chronic changes.
Real-time direct visualization of SCAs undergoing mechanical thrombectomy will contribute to our understanding of arterial structural changes induced by the mechanical thrombectomy devices, such as overstretching of the arterial wall, vasospasm, subadventitial hematoma, and so forth. The model also contributes to the understanding of procedure-related histologic changes induced in SCAs in swine and potentially by extrapolation in humans. A comparative analysis by using various types of thrombectomy devices can be performed by using this animal model. Further investigation with a larger number of specimens is required to better understand the cause-and-effect relationship between particular endovascular maneuvers and tissue reaction/damage observed in treated arteries. 
